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DEPARTMENT  OF  THE  ARMY 

HQ,  OS  ARMY  AVIATION  RESEARCH  AND  DEVELOPMENT  COMMAND 
4300  GOODEELLOW  BOULl  <D,  IT .  I.OUIS,  MO 


SUBJECT:  Directorate  for  Development  and  Qualification  Position  on  the 

Final  Report  of  USAAEFA  Project  No.  79-08,  AH-1S  (PROD)  Airworthiness 
and  Flight  Characteristics  for  Instrument  Flight 


SEE  DISTRIBUTION 


1.  The  purpose  of  this  letter  is  to  establish  the  Directorate  for  Development 
and  Qualification  position  on  the  subject  report.  The  Airworthiness  and  Flight 
Characteristics  (A&FC)  test  was  conducted  to  evaluate  the  instrument  flight 
characteristics  of  the  AH-1S  series  helicopters  and  determine  airworthiness 
qualifications  under  instrument  meteorological  conditions  (IMC) .  The  original 
IMC  restrictions  had  been  determined  based  on  testing  of  the  AH-1G.  Several 
significant  changes  had  been  made  to  the  AH-1S  which  prompted  a  new  IMC 
evaluation.  These  changes  included  an  increased  gross  weight,  SCAS  gain 
changes  and  airspeed  system  relocations.  Based  on  the  subject  report  test 
results  the  AH-1S  cannot  be  qualified  for  flight  under  IMC  due  to  the  significant 
deficiencies  identified. 

2.  This  Directorate  agrees  with  the  report  findings  and  conclusions.  The 
following  comments  are  made  relative  to  the  findings  and  conclusions  and  are 
directed  to  the  report  paragraph  as  indicated. 

a.  Paragraph  42a.  The  poor  cycle  control  mechanical  system  characteristics 
(longitudinal  and  lateral)  significantly  degraded  the  AH-1S  IMC  flight 
characteristics  and  resulted  in  an  unacceptable  pilot  workload  as  well  as 
adversely  impacting  the  pilot’s  capability  of  precise  aircraft  control.  Major 
poor  system  characteristics  included  excessive  breakout  plus  friction  forces, 
unbalanced  control  position  gradients  and  excessively  wide  trim  control  dis¬ 
placement  bands. 

b.  Paragraph  42b.  The  large  airspeed  position  errors  exhibited  during 
power  changes  significantly  degraded  the  pilot’s  ability  to  maintain  desired 
airspeeds  and  rates  of  climb/descent  within  reasonable  limits  under  simulated 
IMC  conditions. 

c.  Paragraph  42c.  The  easily  excited  lateral  gust  response  resulted  in 
large  roll  attitude  changes  of  up  to  10  degrees  with  no  tendency  for  the  air¬ 
craft  to  return  to  the  trim  roll  attitude.  This  resulted  in  considerable 
pilot  concentration  to  correct  at  the  degradation  of  other  cockpit  requirements 
such  as  navigation,  tuning  radios  and  maneuvering  during  approach. 


n 


DRDAV-D 

SUBJECT:  Directorate  for  Development  and  Qualification  Position  on  the 

Final  Report  of  USAAEFA  Project  No.  79-1)8,  AH-1S  (PROD)  Airworthiness 
and  Flight  Characteristics  for  Instrument  Flight 

d.  Paragraph  42d.  The  vert igo- indue ing  location  of  the  U11F,  VOR,  ADF  and 

transponder  control  heads  added  significantly  to  the  pilot  workload  under  IMC. 
This  deficiency  is  adversely  impacted  by  tke  deficiencies  discussed  in  para¬ 
graphs  2a,  2b,  and  2c  above.  \ 

/ 

e.  Paragraphs  43a  through  43g.  The  shortcomings  discussed  in  these  para¬ 
graphs  compounded  the  difficulty  of  conducting  IMC  flight  on  the  AH-1S.  When 
considered  in  conjunction  with  the  deficiencies  addressed  in  paragraphs  2a 
through  2d  above  they  resulted  in  significantly  degraded  flying  qualities  under 
IMC  flight. 

f.  Paragraphs  44a  through  44c.  The  non-compliance  to  relative  paragraphs 
of  MIL-H-850iA  or  deviations  contained  in  the  AH-1S  Detail  Specif ication  arc- 
significant  factors  in  the  unacceptable  IMC  flight  qualities  of  the  AH-1S. 

3.  Correction  of  the  deficiencies  specified  in  the  subject  report  are  required 
for  airworthiness  qualification  of  the  AH-1S  for  flight  under  IMC.  Such 
qualification  is  feasible  with  PIP  action  as  stated  below. 

a.  Cyclic  control  mechanical  system  characteristics.  Short  turn!  solutions 
would  require  a  modified  rigging  procedure  to  minimize  control  function.  Long 
term  solution  would  consist  of  providing  pilot  adjustable  cyclic  friction, 
changed  spring  force  cartridge  and  tailoring  of  spring  centering  cartridge. 

b.  Airspeed  position  error.  An  acceptable  short  term  solution  is  not 
identified.  Long  term  solutions  would  include  possible  tie-in  to  the  air  data 
syiem  or  relocation  of  pilot-static  system. 

c .  Lateral  gust  response.  An  acceptable  short  term  solution  Is  not 
identified.  Long  term  solutions  would  include  tailoring  roll  and  yaw  SCAS 
axis  gains  and  lag  rate  damping  for  desirable  flying  qualities. 

d .  Vertigo-inducing  locations  of  the  UHF,  VOR,  ADF  and  transponder  control 
heads.  Short  terra  solution  would  be  human  factors  analysis  and  wiring  study 

to  optimize  current  installation.  Long  term  would  consist  of  human  factors 
analysis  and  radios  study  to  optimize  future  installations. 


FOR  THE  COMMANDER: 


1ARLES  C.  CRAWFORD  /.JR.  / 


CHARLES  C.  CRAWFORD  /.JR. 
Director  of  Development 
and  Qualification 
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INTRODUCTION 


BACKGROUND 

I.  The  AH-IS  series  helicopter  lias  not  been  qualified  lor  instrument  iliplit 
beeause  of  inadequate  backup  elect neal  powei  and  maruinal  haiidlmp  qualities. 
I  lie  installation  of  a  10  Kilovolt  Ampeie  'KVA)  nlleinaU"  and  a  1 1 .uisloi mci 
k\  tiller  lo  the  electrical  system  ol  the  All- IS  with  the  I  nhaneed  (  obi.,  \ruiament 
System  (MAS)  provides  adequate  backup  elet  liical  powei  An  liisliumcul 
Mclcoiolopk  al  (  ondilion  »  ( IM(  I  evaluation  was  pievionsK  ,  oiulu  led  on  an  \t|  I', 
(Ret  I.  App  At.  Additional  tliphl  test  inj*  was  iei|lllicd  Oil  all  All  IS  lo  <-\ .limit.'  III. 
i  lialipcs  in  INK  liandlim-  qualities  caused  I'V  tile  im  leased  cio-.s  w-ciplil  c  1 1 a 1 1 |o  mi 
uiinament  conlimiralioii,  and  the  installation  ol  a  llal  plate  v  .mopy  .  as  compan  d  lo 
an  All- Iti.  liie  Linited  States  Army  Aviation  ingnieeiiu.i!  I  held  Activity 
(USAAIX'A)  was  directed  by  the  United  States  Army  Aviation  Research  and 
Development  Command  ( AYRADCOM )  to  conduct  an  airworthiness  aim  Hit’ll  I 
characteristics  (A&I'C)  test  ol  the  AH-IS  (I’rod)  lot  INK  llii'lit  tRet  \pp 
Previous  test  ol  the  All  IS  (l;.(  AS)  (Ret  d.  App  A)  indicated  the  M.ihilny  am1, 
control  characteristics  ol  the  All- 1 S  (I  (  AS)  and  All  IS  (Piod)  are  es-enti.iiK 
unchanged. 


IT  ST  OBJIXTIVFS 

I  lie  lest  objeetives  were  a  To  quantitatively  evaluate  the  msliumeiit  limbi 
characteristics  of  the  AIMS  (Prod)  helicoptei  attains!  tlie  lequ-rement'  <>l 
section  5. b  ot  military  specification  Mil -II-K5UI  A  (Ret  4.  Apt'  At.  and  therein 
in  lei  potential  for  the  All  - 1  S  ( l(  AS)  to  meet  INK  qiiahtic.il  ion  c  nteiia 

h  lo  qualitatively  evaluate  the  AIMS  mstmmeni  ilii'hl  ,  hai.u  n  tic  - 
dimnp  simulated  IMC  lliytii I . 


1)1  S<  RIP  I  ION 

'  I  he  production  Ml- 1  S  is  a  tandem  seat.  Iwn  pl.i.v  helicoptei  with  ,i  tv. <■  hiaded 
mam  rotor  and  a  two-bladed  Model  21  '  tractor  tail  uitor.  The  helicoptei  is  powered 
l".  a  I  y  comint'  154-1  ‘05  turhoshaft  engine  thermodv  namically  rated  at  I, SOI)  shall 
ni.rsepowei  (SUP)  at  sea-level,  standard-day  conditions  delated  by  mam  tiansmission 
limitations  to  IM0S1IP  for  M)  minutes  and  MM  SUP  he  continuous  operation. 
Distinctive  teaturvs  ol  the  helicopter  include  the  nairow  Kiselaae.  stub  wanes  with 
lo.u  stores  stations,  and  a  llatqdate  canopy  A  imnc  complete  description  ot  the 
Nil  is  is  presented  in  the  operatoi's  manual  (Re!  s  \pp  .Al  and  Appendix  It 

4  I  he  test  aiicralt  AIMS  (Prod)  USA  Serial  Numb. a  n  was  .  .infieaired 

with  the  KM’  main  rotor  blades,  two  Mbs  tube-launched  optic. ill\  tracked 
wire-euided  (  l()W)  missile  launchers  on  each  outboard  store  station  and  a->  Nl.’i.l 
"  tube  lielitweiuht  latmchei  ( I  Vi  I  )  on  each  ot  Hie  two  inboard  stoic  stations  as 
diowu  in  Photo  A.  One  lliejit  was  performed  with  lout  II  llluv  mi-siles  uist.dle  I  on 
cai  b  ot  tin-  out  board  store  stations,  and  I  W  I  removed 


n  sj  s<  oiM 

I  his  AAtl  < '  (-valuation  was  conducted  at  I  dw.uds  Air  loin  Ita-  i  . .  1 1 :  •  ■  i ; ,  ■ 
(mm  2  Mac  I'Wt)  (hrou-.di  X  Aueust  l')H()  fvvclve  lest  llnrlils  wen-  Ilona  an  .  lot  u 


i 


ot'  16.3  flight  hours.  Flight  restrictions  contained  in  the  operator's  manual  (Ret  3. 
App  A)  and  the  airworthiness  release  (Ref  6)  were  observed.  Flight  test  condition- 
are  summarized  in  Table  1. 


TEST  METHODOLOGY 

6.  Testing  was  conducted  in  two  phases.  The  purpose  of  the  first  phase  was  to 
quantitatively  evaluate  the  handling  qualities  characterisitcs  using  standard  test 
techniques  and  data  reduction  procedures  described  in  Reference  7,  Appendix  A 
The  purpose  of  the  second  phase  was  to  qualitatively  evaluate  the  handling  qualities 
characteristics  while  performing  simulated  1MC  flight  tasks.  Performance  standard-, 
associated  with  successful  performance  of  the  task  are  those  contained  in  Aircrew 
Training  Manual  (Ref  8,  App  A).  During  all  testing,  data  were  recorded  on  magnetic 
tape  with  pilot  comments  hand  recorded  as  they  were  made.  The  data  parameters 
are  presented  in  Appendix  C.  For  the  phase  two  test,  all  special  test  instrumentation 
and  displays  were  removed  from  the  pilot's  station,  and  the  cockpit  was  configured 
in  accordance  with  the  operator's  manual.  A  Handling  Qualities  Rating  Scale 
(HQRS)  (App  D)  was  used  to  augment  pilot  comments  relative  to  handling  qualities 
and  instrument  flight  task. 


1  able  I  Test  (  uihliimiix 


- , - 

;  »■»  ' 

\C  1  l<  M.l  1  W  1  KAO! 
(.MOSS  !  1)1  N  SI  1  S 

wi  Kiii i  |  m  nil  m 

■  10 ■  ,111 

1  KIM  Ml  1) 
i  ALIHKMI.I) 
MKSl’l  1  1) 

,  Mu..--.  1 

•  (  « >n i r<  o  s \  s\-:u  •  On  \  \  \  A 

!  '•.un-.ist.c--  , 

\  \ 

1 

I  f’i:i-.b  ; 

C  <>nlu  l  positions  j  cu*. 

J  tn  mm tm'd  ^  I'.cscd:/  1  i 

}  torw ar.l  tin.!  ■  i  A’jtorot.itior.  J 

T 

i  f  “  P 

'ita'ic  t 

I  lonuiiuJiiul  jvsa-n;  !  ,"M"’ 

;  \  \ut»>i»'Uit:on 

■ 

I  St.iQv 

l.ilrr.il-direc'ionai 
i  stqt  iliu 

(  iind- 
l  t*\rl 
De.wrnt 
Autorolation 

Wfst)Q 

tv  si  II) 

'' 

•  : < 

1  "4 

,  , 

!  >\  n.miic 
stability  1  4 

Clim) 

!  evcl 
Descent 

'h  1  •' : 

<h<M 

- 

l  J 

histnirm'n: 

H  er  ' 

i  »pcr  tt  i*  >1 1 
'••■t'orm.m-  f 

I  V  pu  ,tl 
instrument 
:1k!  ■.« 

1  isk- 

_ 

. 

_ i 

1  I  l*sIn  torulux  ted  in  the  8- KM  and  '-tube  I  VU  mounted  <<n  wmjr-  cnnfigut.iti«'ti  ’ m.t  u\w 
i I  S  P'5  it)  crnler  ot  gravitv  using  a  main  rotor  speed  '>1  P**  K1*M 
•Stability  and  control  augmentation  system  *  SC  AS)  OH 

1  Rnlm  statu  .  tivdrawhc  and  electrical  power  provided  b\  ground  -urroit  ciiuipmenl 
4S(  ASMS 


RESULTS  AND  DISCUSSION 


(.I  NI  UAL 

A  quantitative  and  ■  | lutli t ;i 1 1 vi*  evaluation  ol  instrument  flight  ch.u.ii  lei ist n  •  "I 
Ilk-  A 1 1- 1  S  ( I’roil )  helicopter  was  u  Nultu' ted  In  ink*  i  potential  Ini  l  hr  All  IS  (I  (  AS  i 
In  iiirrl  |  lie  IM<  qualification  crilcna  established  in  Miltl.nv  Specili.  .ilim 
Mil  -11-8501  A  ( Re  I'  4,  AppAk  I  he  AIMS  (Prod)  is  nnl  suitable  Ini  lliglii  in 
instrument  mcleorogical  conditions.  which  inters  that  the  All  IS  (!  (  ASi  will  alsn 
not  he  suitable.  lour  deficiencies  were  identified  l  nsatislactory  cyclic  .  . >nt i ■  >i 
system  mechanical  charaleristies.  large  pitot-static  system  airspeed  errms  m  .  hint 
and  descent,  easily  excited  lateral  gust  response:  and  vertigo  iiultieing  In  .itmii  m 
radio  control  panels  Additionally.  seven  shortcomings  were  noted  I’cisM.ii,  i 
lateral-directional  oscillations,  lateral  trim  changes  with  airspeed,  weak  statu 
longitudinal  stability  at  cruise  airspeed,  an  engine-torque  oscillation,  following  a 
power  change,  location  of  1  nvironmental  Control  System  (I  (  St  control  head, 
obstructed  view  ot  vertical  index  reference  mark  on  pilot's  altitude  indicator  and 
the  lack  of  storage  space  for  instrument  (light  publications  and  equipment. 

HAM)LI.\(.  (jCALITHS 
( icneral 

■s  I  lie  All  IS  ( I'n  >d  I  tested  shows  a  degradation  in  handling  quainter  In 
previously  tested  All-Mi.  I  he  handling  ipialities  classified  as  deluient  at  I 
cy  >  iic  coni  rol  s\  stem  nnc  ha  meal  char.n  let  ist  u  s  w  Inch  uu  hide  nl'iei  I  mu  il  1  i  d 
phis  1 1 u  l ioi i  loiee,  a  lonlml  lone  veisus  position  gradient  less  than  lit,  ia.-.d  • 
phis  tuition  tone,  the  e  \  islenee  o|  a  1 1  mi  i  nn  1 1 1  >1  .  I  isplai  emeu  I  I  •  < 1  id  and  lie  t 
ex.  tied  lateral  gust  response  Shot  I  com  mgs  mehide  the  pel  sisteii  I  la  let  d  dn  ,  '  i  •  ■  <  • 
oscillations  and  engine-torque  oseillations  that  required  in  excess  ol  'll  s.  nn.u  t,.i 
the  engine  power  to  staluli/e. 

Cyclic  Control  System  Characteristics 

Cyclic  control  system  characteristics  were  measured  in  a  statu  condition. 
i  escribed  in  the  lest  f  eehniques  section  ol  Appendix  I).  Control  torcc  as  a  inn.  tmi. 
of  control  displacement  is  presented  in  figures  I  and  \ppcndtx  I  .  am! 
summarized  in  labJc-.  Control  system  characteristics  in  flight  were  quahtalivciv 
evaluated  as  being  essentially  the  same  as  those  observed  under  the  statu  leM 
conditions  described  above 

III  I’rtor  to  the  test,  cyclic  friction  (not  adjustable  from  cockpit  Iw  as  set  to  the 
manufacturer's  value  per  maintenance  instructions  <  Ref  u.  Vpp  \  I.  I  In-  longtfudui.il 
and  lateral  breakout  force  (including  friction),  control  force  versus  position  gtadieni. 
and  limit  control  force  all  exceed  both  the  limits  specified  m  Mil  -  I  I -K50 1  A  and  the 
apptoved  deviations  m  the  Hell  Helicopter  Textron  detailed  spec  it  icat  c  a ; 
So  .'(|'M><>7-mA.  5  October  I'WtKcl  It).  App  .A) 

M  I  In  liteh  longiliidm.il  and  lalcia)  hic.ikoul  tones,  the  loulod  tone  posili.-n 
I’t.idn  nl  and  the  lame  linn  control  displacement  hand  all  combine  to  pie.  hide  the 
smooth  i  vein  control  movements  necessary  lor  precise  aircraft  altitude  conlml 
required  m  IM(  I  he  longitudinal  and  lateral  breakout  loiee  (including  Imlmtii 
ate  ohieetioii.il  and  require  the  pilot  to  operate  across  an  N -pound  lom'itudin.il  and 
pound  lateral  lon  e  dillerenltal  lot  any  modulated  control  displacement,  -an  li  .r 


corrcc t my  ,i  gust  u pvt  Hus  is  laliguini'  and  w 1 1 < •  i i  couplet!  with  *  > »n 1 1 - loir.'  .  ersu - 
position  gradient  (2  5  pounds  per  inch)  that  is  less  than  the  breakout  plus  Inction 
force .  the  result  is  a  control  displacement  that  more  nearly  lesemMes  a  step  or  spike 
input  with  frequent  overshoot.  The  step  or  spike  input  occurs  because  the  arm 
muscle  does  not  readilv  accommodate  the  toree  discontinuity  The  problem  exists  in 
both  lateral  and  longitudinal  axis  and  is  further  amplified  by  the  frequency  and 
severity  of  any  gust  upset  The  existence  of  a  trim  control  displacement  band, 
of  I. *5  inches  longitudinally  and  1.2  inches  laterally,  eliminates  the  force  cue  which 
would  normally  assist  in  returning  the  cyclic  stick  to  the  trim  condition  once  it  had 
been  displaced.  The  effect  of  these  unsatisfactory  characteristics  on  the  pilot's 
ability  to  control  the  aircraft  is  discussed  more  fully  in  paragraphs  24  through  40. 
Hie  poor  cyclic  control  system  mechanical  characteristics  are  a  dc-ticienev  for  INK 
opes  ition 

Control  Positions  in  Trimmed  Forward  Flight 

12.  Contiol  positions  were  determined  in  trimmed  level,  climbing  devending, 
and  autorot.dion.il  flight  with  the  aircraft  stabilized  at  /ir*  sideslip  lot  the 
conditions  listed  in  I  able  I .  using  the  technique  destiibed  in  Aprs  mb'.  !)  lest 
results  are  pit-sen  leu  hi  I  mure  4  (  App  I  ). 

i  4  Icngitndinal  control  position  variations  core  cvsenti.illy  iincai  .'.it!  air' peed 
and  displayed  in  reusing  lorward  control  with  increasing  airspeed  I  aU-ral  •  ontroi 
position  at  the  condition  tested  shows  significant  trim  change  with  airspeed  except 
for  descending  flight.  Ihese  trim  changes  were  particularly  bother-ome  in  level  and 
climbing  flight  due  to  the  non-linearity.  A  late: al  contiol  trim  Jiange  of  o  ~  mdi 
occurred  in  level  flight  between  80  KC.AS  and  i  20  K t  AS.  while  longii.idin.il!>  that 
airspeed  charge  required  1.1  inches  ot  longitudinal  control  travel.  I  lie  in  '  result  is 
an  uncomfortable  iett  loruunl  movement  of  the  cyclic  *1  a  42  am.'Je  to  the 
longitudinal  axis  al  the  jiicraft.  The  lateral  trim  changes  with  paw,  r  .  l.i  air, peed 
are  a  shortcoming 

14.  A  persistent  engine  tarque  oscillation  w  is  excited  each  tun,  engine  pavci  was 
changed,  figure  A  shows  torque  oscillations  occuring  at  appp'xiuiatof  three  cycles 
per  second.  Ibis  persistent  engine  torque  oscillation  is  m  m,  icatior  ,q  engine 
airframe  incompatibility  which  may  contribute  to  the  excitation  of  the  lateral- 
directional  oscillation  discussed  in  paragraph  24  I  he  ,  ugine  an  frame  incompati¬ 
bility.  as  evidenced  K  ihe  persistent  engine  torque  oscillation  is  ,•  shortcoming. 

Static  Longitudinal  Stability 

15.  !  he  static  longitudinal  stability  JiaiactcRstn  .  were  evaluated  al  the  conditions 
specified  in  i  able  I  with  the  aircralt  stabilized  at  zero  sideslip,  using  the  technique 
described  in  Appendix  I).  lest  resells  are  presented  in  f  igures  4  .uni  ;.  \poemtix  I 

lb.  Ihe  static  longitudinal  stability,  as  indicated  by  the  variation  ot  longitudinal 
control  position  with  airspeed  was  stable  at  all  turn  airspeeds  and  conditions  tested 
except  in  level  flight  at  airspeeds  greater  than  12s  !v  AS  \t  speeds  gie.m-i  than  tf.e 
trim  airspeed  (iie  gradient  was  nearly  neutral  Ibis  weak,  static  lougifudm  ii  stability, 
while  meetuii’  the  minimum  requirements  of  Mil  MH50IA.  appi  a  red  ■n-idral  m 
flight  and  when  coupleil  with  the  unsatisfactory  cyclic  control  system  ch.iiai  Molics 
lequited  considerable  pilot  compensation  (Mt.iRSM  to  maint.ui.  a  trim  cruise 
airspeed.  I  he  weak  static  longitudinal  stability  at  cruise  airspeed  A  a  -fi m  'coining 
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Static  Lateral-Directional  Stability 

17.  The  static  lateral-directional  stability  characteristics  were  evaluated  at  the 
conditions  specified  in  Table  1  using  the  techniques  described  in  Appendix  I).  Test 
results  are  presented  in  Figures  6  and  7,  Appendix  F. 

18.  Static  directional  stability  was  positive  (increasing  left  directional  control 
position  with  increasing  right  sideslip)  throughout  the  sideslip  envelope  for  all  trim 
airspeeds  and  was  satisfactory.  Dihedral  effect  was  also  positive  (increasing  right 
lateral  cyclic  control  position  with  increasing  right  sideslip)  throughout  the  sideslip 
envelope  for  all  trim  airspeeds  and  is  satisfactory  .  The  side-force  characteristics  are 
essentially  the  same  as  previously  reported  (Refs  3  and  II,  App  A).  The  static 
lateral-directional  characteristics  are  satisfactory. 


Dynamic  Stability 


Id.  Longitudinal  and  lateral-directional  dynamic  stability  characteristics  were 
evaluated  at  the  conditions  listed  in  Table  1.  A  description  of  each  test  technique  is 
given  in  Appendix  i).  Selected  time  histories  are  presented  in  Figures  8  through  13. 
Appendix  1 


30.  I  he  longitudinal  short-term  gust  response  was  essentially  deadbeat  lor  all  SCAS 
ON  tests.  St’AS  OFF,  the  longitudinal  pulse  input  excited  the  lateral-directional 
mode,  and  made  the  short-term  response  difficult  to  evaluate.  The  longitudinal 
short-term  gust  response,  SCAS  ON.  met  the  requirements  of  Mil  -H-8 50 1 A  and  is 
satisfactory  for  IMC  (light. 


31.  A  lateral-directional  oscillation  (Dutch  roll)  was  the  principle  aircraft  response 
to  an  external  gust  upset.  Representative  SCAS  ON  lateral-directional  short-term 
gust  response  is  shown  in  Figures1)  through  I  1.  Appendix  I  .  The  aircraft  exhibited 
positive  but  light  damping  in  both  roll  and  yaw.  There  was  no  tendency  for  (lie 
aircraft  to  return  to  steady,  level  (light  once  the  roll  and  yaw  rates  subsided.  This 
same  characteristic  was  observed  during  the  qualitative  evaluation  in  gusty  air.  Roll 
attitude  excursions  of  up  to  10  degrees  in  the  IMC  environment  were  observed 
which  are  sufficient  to  interrupt  the  pilot's  normal  instrument  cross  check  sequence, 
and  resulted  in  the  pilot  concentrating  on  returning  the  aircraft  to  level  (light.  Since 
the  aircraft  is  easily  upset  in  roll,  the  requirement  to  concentrate  on  roll  attitude 
control  impacts  on  the  pilot's  ability  to  perform  other  flight  tasks  such  as  tuning 
radios,  navigating,  and  maneuvering  the  aircraft  during  the  approach  phase  of  the 
flight.  The  lateral  gust  response  of  the  AIMS  I I’rod)  is  a  deficiency  for  IMC 
operation. 


33.  Ihe  coupled  lateral-directional  oscillations  with  SCAS  ON  tend  to  persist 
following  a  gust  upset.  This  characteristic  was  bothersome  in  the  simulated  IMC 
environment  and  precluded  precise  control  ol  heading  and  roll  attitude.  1  his 
characteristic  is  most  bothersome  while  maneuvering  the  aircraft  in  holding  patterns, 
tracking  from  navigation  aids  to  the  airfield,  and  when  complying  with  ground 
controlled  approach  (CCA)  instructions.  The  existence  of  persistent 
lateral-directional  oscillation  fails  lo  meet  the  requirements  of  paragraph  3  (v  J  3  ot 
Mil -11-8501  A.  flic  persistent  lateral-directional  oscillation  characteristic  is  a 
shortcoming 


33.  Spiral  stability  characteristics  were  evaluated  SCAS  ON  and  were  louud  to  be 
mildly  divergent  Figure  I  3,  Appendix  I  .  is  typical  of  the  SCAS  ON  evaluation  and 


slum  *  ,i  1 0  degree  divergence  .it  the  end  oi  22  woods.  I  hr  S(  AS  t  >|  i  auui 
excitation  resulted  in  oscillatory  roll  divergence  The  SCAN  OI  !  spiui  s t . 1 1 > i ! ■  i \ 
characteristics  were  difficult  to  evaluate  due  U  excitation  id  the  siioit  term 
lateral  directional  oseillation  The  SC’AS  ON,1  spiral  stability  chare  tcstics  an 
satisfactory 

QUALITATIVE  ASSESSMENT 
(jeneral 

21.  'simulated  IM(  m.meuveis  were  evaluated  from  the  pdot  s  position  ccth  side 
..mains  installed  All  external  visual  teterenee  was  eliminated.  howevei  the  an  tains 
'.veie  light  enough  to  furnish  full  daylight  lighting  id  the  ■  ochpit  I  he  t.W< 
simulation  was  separated  into  three  distinct  eategones:  i  i rs * .  an  e\ -dilution  o:  iiasie 
air  maneuvers  and  individual  IMC  tasks:  second.  NAVAIO  approaches;  and  third, 
a  representative  Il  k  flight  The  performance  standards  used  were  those  normally 
associated  with  an  annual  instrument  cheekride  (  *100  feet  altitude.  *  h!  knots 
indicated  airspeed  (KlASh  and  *  10"  heading).  Additional!;. .  the  pd-d  s:  workk'.id 
was  p.ialitetw’.Bv  assessed  timvghout  all  lights  Six  pil«  ts  p..;  In  ip.tmd  a  tin 
ijiialitative  evaluation.  Based  on  the  inability  to  meet  performance  standards  and 
excessively  high  pdot  work i< -a  d  the  AH- IS  ( Pro  It  is  ci  usid-vcd  m-soti.d.!.-  pm  |  \»< 
flight 

Bask-  Instrument  Meteorological  Conditions^ I  ML  >  lacks 

25.  Each  individual  task  was  evaluated  with  the  pilot’s  total  ifie'ioon  dev-ned  *o 
aireratt  control  for  the  purpose  of  achieving  the  desired  performance  stan-.laid  No 
distraetors.  such  as  navigation  radio  tuning  oi  commumca'.ion  with  ■ontiollers.  weic 
performed.  All  tasks  were  performed  in  both  smooth  ur  and  in  light  ti.iholrinc 
with  aircraft  at  mid  eg  and  maximum  gross  weight  it  ial  coll 

Straight  and  Level  E light 

2(>.  The  first  task  was  to  perform  straight  and  level  Bight  j  la.  .nicraft  gust 
response  was  primaiily  m  i oil  with  some  minor  accompanying  yaw  I  lie  mil  altitude 
ehangevl  as  much  as  ten  degrees  from  the  trim  condition  and  constantly  io<pnicd 
lateral  cyche  inpu’s  to  r’gain  a  wir.gs-level  attitude.  The  ovciic  inputs  were  small, 
howevei.  the;,  were  witltir,  the  trim  control  friction  Ivin:,  and  a  picci'c  return  <  I  the 
w  ots  to  the  oriental  Irini  i  mdition  was  r.ot  isk, e-lc  !'  t<  !•>  the  n.eh  Pm  ikon:  plus 
jnclion  hives  re,  pi  ire  '  to  displace  the  cyclic  am!  Be  comparative  v  f  w  loive 
gradient,  lateial  eontml  inputs  result-’il  in  overshooting  h:  •  desired  inidi  >1  position 
Straight  and  level  Bight  umlJ  be  performed  within  the  de>ueo  p  ■> loriuaiue 
standard,  but  required  constant  attention  mid  frequent  control  input,  to  achieve 
that  performance  (IIOKS5)  Throughout  the  straight  and  level  evaluation, 
continuous  lateral-diiectional  oscillations  were  noted  i  paragraph  2  2 1  I  hese  were 
sufficient  to  cue  the  pilot  to  m  ike  control  inputs  which  add'- I  to  the  ahc.iJv  Inch 
workload 

Standard  Rale  I  •"  el  I  urns 

I  urns  were  mad-  l  oil’  let  I  uuf  "rlit  at  1 K 1  and  I  I !  •  K  I  \  S  lb  .  i  *  !  .  i  k 

.ingl--  tor  a  standaid  rate  turn  w  as  .’ddegiris  In  each  .use  gust  dislui  !vm.  nu  !■■ 
ionti.il  ot  the  bank  angle  extremely  difficult  with  hank  angle  !  te.i".iit  I  v  waving 


I 
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from  I:"'  to  30  decrees.  The  undesirable  mechanical  characteristics  ( pai  ;mt.:  i>l  i  III 
contributed  to  the  difficulty  of  perform. ng  the  standard  rate  turns.  I  he  established 
standard  was  achievable;  however,  there  was  a  Inch  pilot  workoad  associated  with 
the  task  (IIQRS  6)  and  variations  of  HO  feet  on  assigned  altitude  were  frequent.  I  he 
desired  rollout  heading  could  he  acquired  within  10  degrees  (HORS  (>). 

Constant  Heading  Climbs  and  Descents; 

2H.  Climbs  and  descents  were  initiated  trout  liimmcd  level  (light  conditions  at 
lK)  and  I  10  kl.AS.  The  desired  vertical  speed  was  500  feet  pe r ’  minute.  W  hen  power 
was  added,  the  airspeed  immediately  showed  an  increase  on  the  pilot’s  indicator  |o 
correct  the  apparent  airspeed  variation,  aft  cyclic  was  applied.  The  pitch  attitude 
also  indicated  a  slight  nose  up  change  and  the  rate  ol  climb  went  rapidly  through  the 
500  feet  per  minute  condition  anil  reached  approximately  I  200  feel  per  minute 
The  power  was  then  reduced  in  an  effort  to  establish  the  desired  rate  of  climb  On 
reduction  of  power,  the  reverse  affect  was  noted  in  that  indicated  airspeed 
immediately  decreased  indicating  a  requirement  for  forwaid  cyclic  and  with  the  new 
power  setting  produced  a  climb  rate  well  below  the  target  500  feel  pel  minute. 
These  factors  were  also  evident  when  a  level  oft  at  a  predetermined  altitude  was 
performed  It  was  not  possible  to  consistently  level  oil  within  looted  o!  the 
dcsind  altitude,  and  errors  as  much  as  200  feet  were  experienced  In  a  500-loot 
change  m  altitude,  it  was  not  possible  to  achieve  a  stabili/eii  500  feet  per  minute 
late  of  climb  and  continue  to  meet  performance  standards  (ll(,)RS  7 ).  I  igure  13. 
Appendix  I  .  is  a  tune  history  comparison  between  ship's  and  boom  auspeed  sy  stem. 
I  he  pilot  held  the  ship  indicated  airspeed  constant  while  adding  power.  The  boom 
.stem  slowed  1 2  knots  while  the  indicated  airspeed  remained  essentially 
unchanged  The  large  airspeed  position  error  due  to  the  influence  of  power  on  the 
pitot  static  system  is  a  deficiency  for  IMC  flight. 

2').  There  was  an  additional  factor  which  contributed  to  the  difficulties  associated 
with  stobili/ing  the  aircraft  in  a  steady  climb.  The  cyclic  trim  control  positions  have 
substantial  lateral  changes  with  airspeed  and  power  These  lateral  cyclic  require¬ 
ments  occur  with  a  control  system  that  has  undesirably  high  breakout  plus  friction 
lories  Ihe  result  was  that  lateral  cyclic  position  was  constantly  changing  through¬ 
out  the  maneuver  due  to  airspeed  and  power  variations.  This  increased  the  pilot 
workload  and  was  part  of  the  reason  satislactory  performance  could  not  be 
achieved.  I  urge  lateral  trim  changes  with  power  and  airspeed  are  a  shortcoming 
previously  discussed  (  paragraph  13). 

(  limbing  and  Descending  Standard  Rale  Turns. 

50.  Climbing  and  descending  turns  were  initiated  from  trimmed  level  Might  at 
l>()  K I  AS.  Ihe  difficulties  identified  in  previous  maneuvers  were  also  evident  here 
The  lateral  gust  response  of  the  aircraft  made  bank  angle  control  a  .oust. ml 
problem  The  bank  angle  could  not  be  controlled  witluu  10  degrees  The  same 
pilot-static  problems  discussed  above  existed  and.  when  combined  with  attitude 
control,  made  baste  aircraft  control  extremely  difficult  and  required  the  pilot's 
maximum  attention  I  HORS  N) 

3  1  Ihe  attitude  indicator  is  recessed  m  the  instrument  panel  in  trout  o|  the 
pilot.  There  are  reference  marks  at  0  (vertical  point),  10.  20.  50.  and  4^  degree  bank 
positions  The  vertical  reference  is  an  inverted  triangle  easily  distinguished  Irom  the 
other  reference  marks  which  are  merely  short  reference  lines  of  uniform  thickness  A 
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tin-  AIMS  (Prod)  arc  Midi  that  the  aircraft  consistently  drills  oil  speed  In 
descending  turns  a  desired  hank  angle  ol  20  degrees  was  atternpted.  During  one 
point  in  a  descending  turn,  the  hank  angle  reached  40  degrees  helore  it  was 
corrected  hy  the  pilot.  The  roll  response  to  gusting  conditions  made  descending 
turns  extremely  difficult  and  in  combination  with  pitot-static  errors  and  poor 
mechanical  characteristics  made  satisfactory  achievement  of  the  desired  standards 
impossible.  I'he  pilot's  total  concentration  was  devoted  to  maintaining  aircraft 
control  (HQRS  8). 


SIMULATED  IFK  FL K.lll 

.0)  The  llight  was  conducted  in  simulated  IMC  conditions  and  was  contiolled  t>> 
the  approach  control  facility  serving  the  area.  All  routine  communications  associated 
with  an  Il-K  llight  were  performed.  The  gunner  made  some  of  the  radio  calls  and 
was  also  responsible  for  copying  clearances,  lie  did  not  llv  the  aircraft  at  any  time 
during  the  IMC  simulation  due  to  the  limited  navigation  and  flight  instruments  as 
well  as  the  poor  flight  control  characteristics  at  the  gunner’s  station.  All  radios  and 
navigation  equipment  were  pretuned  prior  to  takeoff.  The  general  flight  scenario  was 
radar  vectors  to  a  VOR  radial,  intercept,  tracking  to  the  VOR  station,  holding,  and 
terminating  with  a  Vl)R  approach. 

lie-  first  problem  encountered  was  retiming  the  CUP  communications  radio 
Ml  lulling  was  p.rtoimed  In  the  pilot  since  all  control  heads  are  located  in  the  alt 
eoekpit  (  ontrol  head  location  is  shown  in  the  opeiator  s  manual  ( Ret  s,  App  A  I  In 
i  id,  i  to  turn  the  I  III  radio,  the  pilot  had  to  exchange  hands  on  the  cyclic  and  look 
down  and  to  'lie  iirhl  to  see  the  Irequency  numbers  With  Ills  hand  on  the  sclct  Im 
les  view  ot  the  1  it-qucm  y  w  is  obscured.  I  luring  t  lie  hi  let  time  that  it  took  to  change 
(lie  hundreds  digit  of  the  frequency .  the  aircraft  had  lolled  oil  heading 
approximately  It)  degrees  and  was  m  a  turn  Three  more  similar  occurrences  were 
experienced  before  a  new  fill  frequency  was  finally  set  Once  the  Irequency  wav 
set.  the  pilot  made  the  communication  or  alternatively  advised  the  copilot  a  new 
Irequency  was  now  timed  Similar  experiences  were  noted  when  \l)R  Irequency  and 
transponder  code  changes  were  required.  I'he  transpondei  control  head  location  w.o 
particularly  bail  m  that  it  is  adjacent  U>  the  pilot's  right  hip  I  Ins  location  made 
reading  the  code  setting  very  difficult  and  necessitated  head  mou  merits  which 
produced  vertigo  1  he  sensation  of  vertigo  incieascd  'lie  vlitli,  ultx  ot  leturnmg  tie 
aircraft  to  a  level  tnm  condition  alter  tuning  the  transpondei  code  I  he  vertiro 
inducing  location  o|  the  I  III.  VOR,  ADI.  and  transponder  control  heads  is 
considered  a  dclicicn  \  lor  IMC  llight 

18  During  the  ionise  u|  the  tlighl  the  cockpit  tempeiatme  bee. mu 
uneomtortablv  waim  flu-  pilot  attempted  to  adpist  the  enviionment.il  contiol 
system  (ICS)  totaled  on  the  right  side  panel  alt  ol  the  tianspomlei  I  he  eoutiol 
location  is  shown  m  the  operator's  manual  (Ret  5.  App  A I  Again  dumie  this 
distraction  peifoim.mcc  standards  could  not  be  met  and  the  tendency  loi  vertigo 
was  even  more  disconcerting  to  the  pilot  Actual  tempeiatnre  .uliuslment  is  not 
absolulelv  cxvnti.il  toi  IMC  operations,  but  it  is  Irequentlx  necessaiv  to  at  tiv  ate  t  In 
rain  removal  switili  which  is  located  on  the  same  control  head  producing  the  same 
result  I  he  vertigo-mtlueim’  location  ol  the  ICS  control  he.nl  and  lain  iemov.il 
switch  is  a  shortcoming  lor  I M (  npciatmns 


Vf.  Basic  navigation  was  extremely  difficult  in  that  the  tuning  ot  navigation  radms 
and  orienting  charts  resulted  in  the  pilot  exceeding  the  established  perloimance 
standards  consistently.  Very  little  assistance  was  possible  from  the  gunner  since  lie 
could  not  see  what  frequencies  were  tuned  and  was  unable  to  retune  to  establish 
location  by  intersection.  Due  to  the  tandem  seating  arrangement,  lie  was  unable 
to  assist  in  setting  up  the  necessary  approach  plate  and  was  limited  to  monitoring 
pertinent  approach  information  and  advising  the  pilot  periodically  during  the 
approach.  The  AIMS  (Prod)  in  its  present  configuration  is  thcrelorc  basically  a 
single  pilot  IMC  aircraft.  These  difficulties  were  further  complicated  by  the  lack  ot 
storage  space  in  the  cockpit.  The  necessary  charts  and  approach  plates  could  not  be 
organized  e !  I  actively .  l  ack  ol  storage  space  in  the  cocxpit  area  is  a  shortcoming. 

40.  During  the  VOR  holding  and  VOR  approach  portion  ot  the  flight.  routine 
H  R  tasks  created  a  workload  sufficient  to  cause  the  pilot  to  fad  to  meet 
performance  standards  consistently,  ('hanging  the  course  setting  on  the  horizontal 
situation  indicator  (USD  and  selecting  the  desired  function  on  the  MSI  control 
panel  took  enough  time  and  caused  sufficient  distraction  that  heading  and  attitude 
changes  occurred  prior  to  reestablishing  a  eross  cheek  •>!  Ilignt  ins'umients  Any 
requirements  in  excess  of  basic  aircraft  control  taxed  the  pilot  beyond  his 
capabilities 


CONCLUSIONS 


titNI-RAL 


41  I  ho  A 1 1  - 1  S  (Prod),  .mil  by  inloronoo.  the  AIMS  il(  AS)  .no  dot  considered 
suitable  lor  llight  m  Insirumont  Meteorological  conditions 


DEFICIENCIES 

42.  I'lie  following  deficiencies  associated  with  11  y i n ii  the  All  IS  (Prod)  m  INK  wore 

identified: 


‘i  I  lie  poor  oyolio  control  mochanioal  system  oluraotorisiios  (paragraph  I  I  I 

b  I  .a  rye  airspeed  position  error  due  to  the  influence  ol  power  on  the  pilot 
static  system  (paragraph  2X) 

c  I  he  easily  excited  lateral  gust  response  (paragraph  21  I 

d  Vertigo-inducing  location  ol  the  DUE.  VOK.  ADI  .  and  tianspondei 

control  heads  ( paragraph  47). 

SHORTCOMINGS 

44.  I  lie  following  shortcomings  associated  with  Hying  the  All- IS  (I’nnli  m  INK 
were  identified 

a.  I'lie  persistent  lateral-directional  oscillation  (paragraph  22) 
h.  The  lateral  trim  change  with  airspeed  anil  power  (paragraph  14) 
c  I  he  weak  static  longitudinal  stability  at  cruise  airspeed  (paragiaph  Do 
d.  I'lie  engine/au  frame  incompatibility  (paragiaph  14) 

e  Vertigo-inducing  location  ol  the  l-CS  control  head  and  tain  icmoi.d 

switch  ( paragraph  4X) 

l  Obstruction  ol  the  vertical  icterence  maik  on  the  attitude  nnhiatoi 
(  paragraph  4  I  ) 

g  Lack  ol  storage  space  in  the  cockpit  area  (paragraph  41>I 


SPECIFICATION  COMPLIANCE 


44  Within  the  scope  ol  this  test,  the  AIMS  (Prod)  helicopter  tailed  to  mo  t  the 
following  requirements  of  military  specification  Mil -II-.X50I  A 

a.  Paragraph  4.2  b  -  I  ongitudma!  control  lull  throw  tones  cviccd  the 
SO  pound  limit  by  X.O  pounds  forward  and  alt,  (  100  peicenl )  (paragiaph  III 


I  1 


b.  Paragraph  3.2.7  -  Longitudinal  control  breakout  lorcc  i  including  friction) 
exceeded  the  1.50  lb  maximum  by  2.5  lbs  (  In  '  percent).  Also  faded  to  meet 
authorized  deviation  t  Ref  10,  App  A)  (paragraph  !0i 

c.  Paragraph  3.3.12  -  Lateral  control  full  tiuow  loues  exceed  ilv  ft)  pound 
limit  by  0.0  pounds  left  and  right  (  130  percent!  (paragraph  10) 

d.  Paragraph  3  3. 1 3  •  Lateral  control  breakout  ton  e  (including  tnction) 
exceeded  the  1.501b  maximum  by  1.5  lbs  ( 100  percent )  Also  tailed  to  meet 
authorized  deviation  (Ref  10,  App  AMparagraph  10) 

e.  Paragraph  3. 6. 1.1  -  The  aircraft  exhibited  a  persistent  latcia!  dm  , t  onal 
oscillation  (paragraph  22). 


Id 


RECOMMENDATIONS 


45.  I  lie  deficiencies  identified  in  p;iru(*raptt  42  must  Ik-  corrected 
operation  in  1MC. 

4(>.  I  lie  shortcomings  identified  in  paragraph  45  should  lie  corrected 
operation  in  IMC. 
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APPENDIX  B.  AIRCRAFT  DESCRIPTION 


( ,1  N I  R AL 

I  I  lie  li'sl  helicopter,  S  \  7d-27575  wax  ;i  pn nine 'lion  All  IS  with  the  k  I 
in. nil  i < ) I < >i  hi. all's  installed  Wing  '.lot i  s  conlipnialioii  loi  .ill  lest-  wen  Imh  I  OW 
I.iiiiu  lieis  mi  i- .11 1 1  ill  llu'  outhoaid  \imp  ilmn  1 .  1 1  n  hi-,  .iiuI  one  lulu  lirlil  n  ii'ht 
l.iu iiclier  pod  on  each  ol  Ilk'  inboard  wing  slop's  sl.ilions 


MAIN  ROTOR  ULADI  S 


Ilk1  k"47  main  rotor  blades  utilize  a  multicell  Itlamon  I  wound  tilviglass  sp.n 
a  nomex  honeycomb  core  afterbody .  and  a  Kevlar  trailing  edge  spilin',  all  enclosed 
In  fiberglass  skin.  Ai  Ilk-  inboard  end,  eheekplates  earn  loads  to  an  aluminum 
adapter  ss Inch  is  attached  to  the  hub  with  a  pin 

!  I  lie  k  747  blade  airloil  shape  is  based  on  a  l.iimlx  ol  auloils  deieloped  In 
Hoeing  \  el  to!  I  he  airloil  shape  varies  (loin  blade  tip  to  root  as  billows 


i  R  I  blade  Radius  Station ) 


Airloil  I k'sien 


I  null  tip  to  II. SS 
I  nun  D.Ks  to  dad' 

I  Tom  ().<>?  to  0.25 
I  rom  U..;s  0  |  x 


k  ?4  7  S  thick  I  toe  i  np  \  ei  |o|  \  R  x 
I  meal  tiausition  to  I  llm  k 
Boeing  Yertol  V  R- 
I  2  thick  boeitig  V  ertol  \  It- 
( iradual  buildup  to  7  5 
this  k  hi  eheekplates 


I  \(,l\l  AM)  IR  ANSMISSION  7  All.  ROTOR  DRIV) 

4  I  he  I'.i  |-7()’  tui bosbalt  engine  is  installed  in  the  All  IS  (I’rodi  helicopter 

I  his  engine  employs  a  two-stage.  axial-flow  live  power  turbine,  a  separate  two-stage. 
.im.iI  How  turbine  driving  a  live-stage  axial  and  one-stage  centrifugal  , oinpressot 
i aiiable  inlet  mode  vanes  and  an  external  annular  sonilnistoi  A  4.2105  I  reduction 
geai  box  located  in  the  au  inlet  housing  reduces  power  tuibme  speed  to  a  nominal 
output  shall  speed  ol  boot)  RI’M  at  Idd  peicenl  \,  I  he  eni'iiie  redik  Imu  ge.u  box 
is  limited  to  I  I  ’S  loot  pounds  (It-lhl  tonpiv  lot  '0  minute  and  I  I  Id  ||-|h  (oiqu, 
lm  i  -  >n  I  muons  operation  A  I  interstage  dubiin  lempeiatmc  sensoi  banns 
measiiies  mtelst.iee  tuibme  temperatures  and  dispiais  this  uiloi  mat  ion  m  tin 
cockpit  as  turbine  gas  temperature  on  the  cikkpit  instruments. 

s  |  he  main  transmission  has  a  I  2l,()  Sill*  limit  tor  5(1  minutes  and  a  I  I  54  SHI’ 
limit  lor  continuous  operation  at  a  rotor  speed  ol  574  RI’M  (  Idd  peiicnt  N(<  t  I  be 
amralt  is  lurther  limited  to  XX  percent  torque  above  1(1(1  MAS  I  he  tail  ioIoi  drive 
svslem  has  a  2d0SIII‘  transient  limit  lor  4  seconds  and  a  IS  Sill’  limit  lot 
continuous  operation.  I  he  engine  used  durme  this  test  was  serial  numbei 

II  I  5  145/ 


l*RIN(  ll’Al  DIMENSIONS  \NI)  (.1  Nl  R  U.  DAI  \ 

o  I  he  priiuipal  dimensions  and  general  data  loineimne  III  Ml  IS  il'io.li 
belli  opters  are  as  lollnws 


Overall  Dimension 


Length,  rotor  turning 

53  feet.  1  inch 

1 ! eight,  tad  rotor  vertical 

1  3  feet.  0  inches 

1  ength.  rotors  removed 

4-|  !  vV  I  .  i!K  l .  .‘S 

Main  Kotoi 


1  'iameter 
Dis.  area 

Numbei  ot  blades 
blade  S  a.  ist 
Airfoil 

I  ail  Rotor 


Diameter 
Disc  area 
Soli’ '  1 1  s 

Number  ol  blades 
Hlade  chord,  constant 
lilade  t  ‘.cist 
\irtoil 


I  use I age 
I  ength 
Height’ 

I  o  tip  of  tail  fin 
(■round  to  top  of  mast 
('■round  to  top  of 
transmission  fairing 


Width 

f  uselage  011K 
Wing  span 
Skid  gent  tread 

I  levator 

Span 
\ 1 1  toil 


44  tee l 
I  s  '0.5  ft-’ 

•0  S  S(.  dei  tees 
See  paragraph  4 


8  I'eet.  (i  inches 
5o  7'  !r 
1 1  1 4.vi 

i  I  ”  n.clie' 

O.n  deer  res 

NACA  00 IK  at  the  I’l.idi 
root  changing  linearis  : - 
a  special  allihered  s;  ..tic 
at  8.27  percent  ot  ihe  tij 


44  feet.  '  itn  ii’-s 


1 0  feet.  8  inches 
I  2  feet.  3  inches 

1 0  feet,  .1  i:k iics 


4  It 

I  0  feel.  4  inches 
7  It 


o  feet,  i  i  inches 
tin  cried  1  laid  Y 


IK 


Vertical  Tin: 


Area 

Airfoil 

Height 

Wing: 

Span 

Incidence 
Airfoil  (root) 
Airfoil  (tip) 

Weight  and  Balance 


18.5  ft2 

Special  cambered 
5  feet,  6  inches 


10  feet,  9  inches 
1 7  degrees 
NACA  0030 
NACA  0024 


7.  The  aircraft  weight,  longitudinal  CG  location  and  lateral  C'(i  location  were 
determined  prior  to  testing.  A  fuel  cell  calibration  was  also  performed  prior  to 
testing.  All  weighings  were  accomplished  with  instrumentation  installed  without 
external  stores  or  chin  turret  weapons  installed. 


APPENDIX  C.  INSTRUMENTATION 


I  In  addition  to  Ilk'  standard  aireralt  instruments.  calibrated  instruments  m  h 
displac'd  at  t ho  pilot  and  jmnner  cockpit  panels  hal.i  were  obtained  liom  soekpi! 
instillments  and  Irotn  (lie  test  instrumentation  -ostein  Ilia  last  instrumentation 
system  was  installs d .  ealilnaled.  and  mamtameil  b\  I  SAAI  I  \  peisonne  I  Ml  l-sl 
itist  mmen  tat  ion  pataukleis  are  eneoded  pulse  code  modulation  ( I  ’<  Ml  and  to  <  n  de-l 
on  nunmeliv  tape  ahoaid  the  test  ainralt  Side-lip  vatu-,  anple  ol  atlas  k  vans,  total 
temp  taliire  seusot,  and  pivotim;  pilot-stain  head  are  loealed  on  a  n-.l  bo.nn 
moimlesl  on  the  nose  ol  the  alreralt. 

I  in'  1  aianiet,  is  iei  oided  on  mapnelie  tape  ate 

i’(  M  l\ii  imetei_s 

1  line  -  ode 
I  vent 

I  liiilit  number 
Run  number 
'lam  rotor  speed 
t "ue!  Is  inperaluie 

I  Usl  llsesl 

!  npme  fuel  How  rate 
I  tntitu  pas  prodiieer  speed 
I  npine  power  turbine  speed 
Airspeed  (  boom  system  t 
Aiispeed  I  ship  s  s\  sts-tr.  t 
Allitude  (  boom  s\  stem) 

\il ilttiie  (ship  s  sy  stem  ) 

I  o|,||  an  lemperaluie 
Muds  ol  al  las  k 
\lipli  ol  sideslip 
I  ni'ine  tonpie 

I  neine  eshaus!  pas  temperature 
i  ontrol  positions 
Longitudinal 
I  aterai 
I  )ireetional 
<  olleetive 
Mreraft  attitudes 
Pitch 
Roll 

\u- 1  a  It  amildar  rates 
I’iteh 
Roll 
Vaw 

Mam  rotor  shal t  tonpie 
Mam  totor  Idade  aru'le 

I  ue  parameters  displayed  m  the  eoekpil  are 

Pilot  1  bins- 1 

Pressure  altitude  (boo m  system) 

I’lessiire  altitude  (ship's  system  1 


Airspeed  (boom  system) 

Airspeed  (ship's  system) 

Main  rotor  speed 
I  ngine  torque 

Ingine  turbine  gas  temperature 
Ingine  gas  produeer  speed 
Angle  of  sideslip 

Copilot  Panel 

Pressure  altitude  (boom  system) 

Airspeed  (boom  system) 

Main  rotor  speed 

I  ngine  torque 

I- ngine  gas  produeer  speed 

Total  air  temperature 

f  uel  used 

Time  code  display 

Data  system  control 

4  The  calibrated  instrumentation  displayed  at  the  pilot's  station  was  used 
throughout  the  handling  qualities  phase  of  the  lest  The  pilot's  instrument  panel 
was  returned  to  the  standard  Cobra  configuration  (Ref  5.  App  A)  for  the  test  flights 
involving  IMC  maneuvers  and  evaluation. 


APPENDIX  D.  TEST  TECHNIQUES 
AND  DATA  ANALYSIS  METHODS 
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control  deflection  was  reached,  whichever  occurred  first.  C  ollective  contiol  position 
was  fixed  at  the  trim  value  and  altitude  was  allowed  to  vary.  The  trim  airspeed  ami 
desired  heading  were  maintained.  All  pertinent  parameters  were  recorded  on 
magnetic  tape.  The  static  directional  stability,  dihedral  effect,  and  side-force 
characteristics  of  the  aircraft  were  evaluated  by  plotting  the  variation  of  control 
position  and  aircraft  attitude  as  a  function  of  sideslip  angle. 

Dynamic  Stability 

7.  Dynamic  stability  tests  were  conducted  to  evaluate  the  short  and  long-period 
response  characteristics  of  the  aircraft.  Short-period  characteristics  were  evaluated  to 
determine  aircraft  response  to  sudden  wind  gusts  and  were  simulated  by  rapidly 
displacing  the  cyclic  control  approximately  one  inch,  holding  the  input  for 
0.5  second,  then  rapidly  returning  the  control  to  the  trim  position  while  recording 
the  resulting  aircraft  responses  on  magnetic  tape.  Lateral-directional  short-term 
response  w'as  further  evaluated  by  directional  control  doublets. 

8.  Longitudinal  long-period  characteristics  were  evaluated  to  determine  tin- 
aircraft's  tendency  to  return  to  a  trim  condition  after  being  disturbed.  The 
long-period  response  was  excited  by  stabilizing  the  aircraft  on  a  trim  condition  with 
force  trim  ON  and  then  displacing  the  longitudinal  control  forward  or  aft  to  effect 
an  airspeed  change  of  approximately  10  knots.  The  control  was  then  returned  to 
trim,  and  the  resulting  aircraft  response  was  recorded  on  magnetic  tape.  During  the 
response,  controls  were  held  fixed,  but  slight  pressures  directionally  and  laterally 
were  used  to  maintain  a  constant  heading  and  laterally  level  attitude.  The 
long-period  response  was  evaluated  at  three  trim  airspeeds,  and  a  positive  and 
negative  airspeed  change  was  tested  for  each  point. 


SIMULATED  IMC  FLIGHT 

‘L  Simulated  IMC  flight  was  conducted  to  qualitatively  evaluate  pilot  workload. 
Workload  in  the  IMC  environment  was  determined  by  selecting  a  task  and 
performance  standard,  (Ref  8,  App  A)  and  then  assigning  a  HQRS  number 
(Figure  I)  based  on  the  amount  of  pilot  compensation  necessary  to  achieve  the 
standard.  The  performance  standards  used  were  ±  100  feet  altitude.  1  10  KIAS.  and 
+  10°  heading.  All  tasks  were  performed  from  the  pilot  cockpit  with  all  external 
outside  reference  eliminated,  and  no  assistance  from  the  gunner 


APPENDIX  E.  TEST  DATA 


INDIA 


I  iguiv 

Mechanical  (  liataUcnslics 

(  onlrol  Positions  m  liimmcd  forward  I  lisdil 
Slade  I  onintndtnal  Slalxlitv 
Sialic  I  alcial  I tnectional  SlalnliU 
I  >\  naniK  SlahiliK 

Slii|>‘s  and  Boi'ii*  Aiispcnl  <  niii|>aHMiii 


I  t re  Numlier 

I  and  J 
I 

I  and  * 
li  ami  7 
S  llin  nifdi  I 

I  I 


FIGURE  1 

LONGITUDINAL  CONTROL  SYSTEM  CHARACTERISTICS 
AH-1S  USA  S/N  76-22573 


NOTES;  1.  ROTOR  STATIC 

2.  hydraulic  and  electrical  power 

PROVIDED  BY  GROW©  UNITS. 

3.  LATERAL  CONTROL  POSITION 
CENTERED  DURING  TEST. 

4.  CONTROL  FORCES  MEASURED  AT 
CENTER  Of  GRIP. 

5.  FORCE  TRIM  ON 

6.  TOTAL  LONGITUDINAL  CONTROL 
TRAVEL  -  10.1  INCHES 
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FIGURE  2 

LATERAL  CONTROL  SYSTEM  CHARACTERISTICS 
AH- IS  05A  5/K  76-22573 

NOTES:  1.  ROTOR  STATIC 

2.  HYWAULIC  AND  ELECTRICAL  POWER  PPOV1DED 
BY  GROUND  UNITS 

3.  LONSmiDINAt  CONTROL  POSITION  CENTERED 
DURING  TEST 

4.  CONTROL  FORCES  MEASURED  AT  CENTER  OF  GRIP 

5.  FORCE  TRIM  ON 
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FIGURE  o 

STATIC  LATERAL -DIRECT  IONAl  SfABIiin 
AH- IS  USA  S/'N  76-22573 
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FIGURE  7 

STATIC  LATERAL-DIRECTIONAL  STABILITY 
AH-1S  USA  S/N  76-22573 
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US  Army  Research  and  Technology  Laboratories/ 

Applied  Technology  Laboratory  (DAVDL-ATL-D, 
DAVDL-Library) 

US  Army  Research  and  Technology  Laboratories/ 
Aeromechanics  Laboratory  (DAVDL-AL-D) 

US  Army  Research  and  Technology  Laboratories/ 
Propulsion  Laboratory  (DAVDL-PL-D) 

Defense  Technical  Information  Center  (DDR) 


